In long-term space trave l, the crew is exposed to mi crograv ity and radi ati on that invoke potenti al hazards to the immun e system. T cell activati on is a criti ca l step in the im m une response. Recepto r-med iated s ignaling is inh ib ited both in microgravity and modeled micrograv ity (MMG) as reflected in dimini shed DNA synthes is in perip heral bl ood lymp hocytes a nd their locomotion through gell ed type 1 co ll agen. D irect activation of P rotein K in ase C (PKC) bypass in g ce ll surface events us in g the p ho rbo l ester PMA resc ues MMG-inhibited lymp hocyte activation and locomotion, w hereas calc ium io nopho re ionomyc in had no rescue effect. T hus ca lc iu m-independent PKC isoforms may be affected in MMG-induced locomotion inh ibition and rescue. Both calcium-depend ent isoforms and ca lci um-independ ent PKC isoforms were investigated to assess the ir express ion in lymphocytes in 19 and MMG-c ul ture. H um an lymp hocytes were c ul tured and harvested at 24, 48, 72 and 96 ho urs a nd seri a l samples assessed for locomotion us in g type I co ll agen and exp ress ion ofPKC isofo rm s. Exp ressio n ofPKC-a , -8 and -£ was assessed by RT-PCR, flow cytometry a nd im m un oblotting. Res ults ind icated that PKC isofo rm s 8 a nd £ were down-regul ated by more than 50% at the tra nscri ptiona l and trans lat ional leve ls in MMG-c ul tured lymphocytes co mpared w ith 19 contro ls. Events upstream ofPKC such as p hosphory lat ion of P hosp ho lipase Cy (PLC-y) in MMG, revea led accumulation of in active enzyme. Depressed Ca ++ -independe nt PKC isoforms may be a co nsequ ence of an upstream les ion in the s igna l tra nsdu ction pathway. T he di fferent ia l res ponse a mo ng caiciumdependent and ca lc ium-independ ent isofo rm s may actuall y res ul t from MMG in tru s ion events ea rli er th an, bu t after li gand-recepto r in teractio n.
INTRODUCTION
LYMPHOCYTE LOCOMOTION IS INTEGRAL to the immu ne response and is adversely affected in micrograv ity and modeled mi crograv ity (MMG) (8) . Wo und healing, mi gratio n to ant igenic sites, and phagocytos is requi re ce llular locomotion. Activation of lymp hocytes p ri or to cul ture in MMG resto res no loco motio n (2) . Acti vation red istributes ce ll surface mo lecul es, a lters cytok ine prod uction, th e cytoske leton reorga nizes and changes gene transcr iption (13) .
PKC is central in T ce ll activation-triggered pathways, and in turn leads to other transcriptiona l and transnat iona l changes occurrin g in the cell. It was hypothesized fro m prev ious experim ents th at MMG in duces a les io n e ither at, or upstream of PKC. To test this hypothesis , lymphocytes were treated w ith phorbo lm yri state acetate (PMA), w hich di rectly activates PKC byp ass in g the second messenger d iacy lg lycero l (DAG) . The ce lls were then assessed for locomotion in type I co ll agen gels. T he locomotion inhibiti on obse rved und er mi crograv ity culture condi tions was reversed by up to 87% by pri or acti vation with PMA . However, the in co rporation of ionomyc in was not synergistic w ith PMA (10) . Thus it is possib le that the ca lc ium independ ent, and not the ca lc ium depend ent, isoform s of PKC prim aril y may be necessary fo r locomoti on.
PKC is a fam il y of 12 isozymes div ided into three gro ups. The ca lci um depend ent a, 0) ,02, and y isozymes are depend ent upo n calcium , DAG and phosphatid yl serin e (PS) fo r activation.
Furthermo re, they are sens itive to phorbo l esters. T he second group co ns ists of novel isoforms, such as £, 8, 8 , 11 , and Il, and are not depend ent upon ca lc ium, bu t requi re DAG and PS fo r activation and respo nd to phorbo l esters . The third gro up is atypical and cons ists of the S and Aft isofo rm s that are calci um an d DAG independent and they are insensitive to phorbo l esters (7) . In human T ce ll s, a, 0, y, S, £, 8, and 8 are expressed at both the mRNA an d prote in leve ls (1, 4) .
PKC REGULA TION IN MODELED MICROGRA VITY
Since the T cell receptor signaling pathway appears to be a pathway in locomotion, any molecule~ up-stream of PKC, such as PLC-y, may be the target of chan ges induced by micrograv ity. It is less likel y that MMG affects ligand-receptor interactions (2), but any stage in the activation sequence through PKC may be affected and observed as decreased proliferation and loco motion in MMG. The investigation presented herein documents the PKC isoform profiles in hum an lymp hocytes and suggests that the peculiar isofo rm profiles are likely due to upstream changes induced by MMG .
MATERIALS AND METHODS

Modeled Microgravity (MMG) culture
Reverse Transcriptase Polymerase Chain Reaction (RT-PCR) for the detection and quantitation of Protein Kinase C (FKC) isoformsfrom human Peripheral Blood Mononuclear Cells (FBMC)
cultured in 1 g and in MMG (R WV culture). Hu man PBMCs were obtained as a buffy coat from the Gulf Coast Regional Blood Bank (Houston, TX). Cel ls were resuspended in Hanks ' Balanced Salt So lu tion (HB S) and layered onto a Ficol l-paque gradient then centrifuged at 2 100 rpm at room temperature for 20 minutes . The mononuclear cell layer was iso lated from each tube, washed with HBSS three times, pelleted and resuspended in RPMI-1640 suppl emented w ith 10% Fetal Bov ine Serum (FBS) . Lymphocytes were counted and adjusted to 1 x 106/ml. Then they were cu ltured in a T75 flask and in an RWV (modeled microgravity) for up to 96 hours. Ce ll s were samp led fro m the T flask and the RWV at 24,48, 72 and 96 hours.
The cell s were harvested and total RNA extracted us in g tr i-reagent. After isopropanol precipitation and ethano l wash, the RNA was quantitated based on Ab260128o. A 300 ng sample was used for each quantitative RT-PCR reaction . RNA preparations with 260/280 ratios hi gher 4 PKC REGULA n o IN MODELED MICROGRA VITY 5 than 1.8 were used fo r experim ents. The RNA PCR kit (Perkin E lmer, NJ, USA) was modi fie d based on primer choice. The reverse transcription phase of the reaction was perfo rm ed first on all sampl es, fo ll owed by polymerase phase fo r 35 cyc les. When primers were ava ilable as a combinatio n, as for GAPDH, then 2 )..1.1 of th e total prim er mi x was used. The GAPDH primer set Western Blotting. SDS gel electrophores is was perfo rmed by stand ard methods. An tibodi es to di fferent PKC isoforms were purchased fro m, BD Transducti on labs, CA. PBMCs were adju sted to 1-2 x 106ceil s per sample and so lubilized in SDS sample buffe r. The so luble prote in was electrophoresed in a 10% SDS-PAGE ge l. Then the proteins we re transferred to immobil on membrane and bl ocked in EI Bl otto (5% non fat mil k, 50 mM Tris, 0.9% aC I, 0.05 % Tween 20 , 0.02% Na 3. pH 7.8). The blots were incub ated with the prim ary antibody at the appropri ate dilu tion (1 -2 ug/ml) in EI Blotto so lution at 37° C fo r 3 hours. Blots we re was hed 3X five minutes each in EI Bl otto without non-fat mil k. Then incubati on was perform ed w ith the second ary antibody in el blotto at 37 0 C for 1 hour and unbound antibody removed. Immunoprecipitation. PBMCs were prepared according to previously described methods (10) . Cell s were cultured at 1.5 x 10 6 cells/ml in both 19 and MMG cond itions using an RWV bioreactor as described above . A total of 50 x 10 6 cel ls were obtained at each t ime point and were lysed with boiling denaturing lysis buffer (1 % SDS, 10 mM Tris, pH 7.4). F ive hundred microliters of lysis buffer was added to each sample and the resulting lysate was boiled for an additional 5 minutes. The lysate was then passed through a 26-gauge needle several times and centrifuged at 16000g for 5 minutes at 4° C to obtain the solub le fraction. To each sample the fo llowing were added : 400 IJ.I water, 100 IJ.I cell lysate (prepared as described above), 1 t05 IJ.g of primary antibod y (PLC-yl , Transduction Labs, Lexington, KY), 500 IJ.I 2X immunoprecipitation buffer (l00 mM Phenyl methyl sulfonyl fluor ide [PMSF], 100mM Sodium orthovanadate [SOY] , 100 mM EDTA, 100 mm E GTA, 100 mM aCI , 20 mM Tris pH 7.4, 1 % Triton X 100, 0.5 % NP 40). Samp les were vortexed and mixed in a rocking platform overnight at 4°C. When the primary antibody was a mouse monoclonal, then 5 IJ.g of rabbit anti mouse antibody was incubated with the sample after the first incubation for 1-2 hrs at 4° C. Ten microliters of Protein G: agarose (Sigma, USA) was added to the mixture and incubation continued for 30 minutes at 4° C. The sample was centrifuged at 16000g for 5 minutes at 4° C. The supernatant from this centrifugation was harvested ; the pellet was washed three times with IX immunoprecipitation buffer and then resuspended in 30 IJ.I of 2X concentrated electrophores is sample buffer (250 mm '!'ris pH 6.8, 4% SDS , 10% glycerol, 0.006% bromophenol blue, 2% ~-m ercaptoethanol). The sample was bo iled fo r 5 minutes and centrifuged at 16000g at 4° C for 5 minutes . The supernatants from the above were loaded onto an SDS-PAGE gel and electrophoresed. The 
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Human PBMCs were isolated from normal human donors and cultured at 1.5 x 10 6 cells/ml in two culture conditions, static (1g) and MMG (R WV). Lymphocyte locomotion was significantly inhibited in MMG and at 96 hours, the locomotion was negligible compared with static 19 cultures (10) . Cells from the same cultures were examined for their expression ofPKC isoforms.
Locomotion inhibition in micro.gravity analog culture is accompanied by a parallel decrease in the expression of specific calcium-independent PKC isoforms. The Figure 1 Transcriptional down-modulation ofCa 2 +-independent PKC isoforms. RT-PCR was performed on 19 and MMG cultured lymphocyte total RNA. Protein kinase C-o message was barely discernible at 24 and 48 hours in MMG and by 96 hours, it was still down-regulated by 56% in MMG (Figure 2a ). PKC-£ message showed a similar trend in MMG, with an 83% decrease at 24 and 48 hours (Figure 2b ). Oscillatory expression patterns were observed in of both these isoforms. The reduced transcription in modeled micro gravity was reflected in the quantitative estimates by western blotting (Figures 1a and 1b) . While there was reduced transcript expression ofPKC-o in modeled microgravity, protein expression was barely evident.
Even though PKC-£ expression was comparable to static cultures at 48 hours, mRNA was decreased significantly, indicating that PKC-£ translated accumulation may initially occur prior to down-regulation of message. GAPDH transcriptional controls are displayed in Figure 2c . to other cytoskeletal co mponents, a nd its translocati on to spec ific cellular co mpartm ents is recogni zed as critica l fo r card iomyocyte co ntraction and other cytoske leta l events. PKC-6 bi nds and phosphorylates stat 3, regul ating important genes in the T ce ll (5) . E ntschl ade n et af. (3) fo und that in p urified T cell popul at io ns (CD4+, CD 8+), a sponta neo us ly locomoti ng population of25% develo ped once they were in co rporated in to a three-dimens iona l co ll age n matri x. A concurrent in crease in tyros ine phosphorylation of Focal Adh esion K inase (F AK) was observed.
Inh ib it io n of Prote in Tyros in e K inases (PTK) us ing Geni stein signi fica ntl y dec reased spo ntaneo us locomotion, whil e direct acti vation of PKC using PMA resc ued locomotion (3).
Investi gations w ith T lymphocytes p os iti ve ly co rre late PKC activ ity w ith locomotion (1 1), yet others assoc iate inhibi tion of PKC w ith a ugmented loco motion (12) . A lso, di srupti on ofMTs with Co lcemi d recrui ted p rev ious ly nonl ocomotory ce ll s a nd demonstrated a n increase in the d urat ion of locomotion (9) . Th is pro-locomotory ro le of Co lcemi d is du e to c hemoattracta nt be hav ior (9) . Activated T lymph ocyte locomot ion is tr iggered by LFA-l and is PKCB-l depend e nt (9) . O ur stud ies revea l a down-regul ation of calc ium-inde pend e nt PKC-6 a nd c isoforms in MMG . Thi s is co nsistent w ith prev ious res ults w ith ionomyc in, w hi ch did not resto re locomotion, suggesting that calcium pathways in lymp hocytes c ultured in MMG are bas icall y in tact. PMA activatio n of PKC isofo rm s togethe r w ith the in effective ness of effects are partitioned to ca lcium-independent isoform s ofPKC and the rel at ionship of the PKC-£ isoform to the cytoskeleton may be the pathway to inhibition of locomotion in MMG. 
FIGURE LEGENDS
Expression of Protein Kinase C Isoforms in Human Lymphocytes
Human lymphocytes were incubated in static and RVW cultures for 24 hours then harvested, permeabilized l and stained with isoform specific antibody_ Deconvolution microscopy was used and stacked images were analyzed by 3D modeling and image rotation to observe the deployment of PKC isoforms (green) and the counterstained nuclei (blue). 
